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Introduction
As one of the major public health problems, prostate cancer (PCa) represents the most frequent noncutaneous malignancy of the urinary system. 1 Notably, the incidence and morbidity rate of PCa have been steadily increasing in recent years. For example, ~241,000 new cases of PCa were diagnosed in the US in 2011, 2 and the morbidity rate of PCa has increased by 14% annually since 1990 in the People's Republic of China. 3 In clinical analysis, the phenotypes of patients with PCa develop from indolent tumors with no or little clinical significance to aggressive metastatic and lethal diseases. 4 Although many patients with PCa with locally defined disease are often successfully treated with submit your manuscript | www.dovepress.com
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Xu et al surgery and/or radiotherapy and have experienced long-term survival, the biochemical recurrence (BCR), defined as postoperative serum prostate-specific antigen (PSA) $0.2 ng/mL, which is generally the earliest indicator of recurrent disease, still occurs in an estimated 15%-50% of patients following radical prostatectomy (RP) on long-term follow-up. 5 Since PCa is a clinically heterogeneous and multifocal disease, it is a multistep process of influencing progression and prognosis by various molecular mechanisms involving both genetic insults to epithelial cells and changes in epithelial-stromal interactions. 6 Recent studies have indicated several clinical parameters, such as serum PSA levels, age and underlying health of men, the extent of tumor spread, appearance under the microscope, and the response to initial treatment, to be prognostic markers in the treatment settings. However, there are currently no definitive clinical methods that can reliably predict the responses to clinical therapies for PCa. 7 Thus, it is of great clinical significance to identify novel and efficient molecular markers for early risk detection of BCR and for prognosis of patients with localized PCa after surgery.
Solute carrier family 39 (zinc transporter), member 14 (SLC39A14), is a member of the family of zinc transporters that functionally control intracellular zinc influx and efflux from intracellular compartments as well as between the extracellular and intracellular environment.
8 SLC39A14 encodes Zrt/IRT-like protein 14 (ZIP14), which is a zincand iron-importing protein highly expressed in the liver, pancreas, and heart tissues and also in the adipose tissue. 9 As a metal transporter, ZIP14 contains multiple transmembrane domains and mediates both nontransferrin-and transferrinbound iron uptake into cells. 10 Accumulating evidence has recently shown that zinc is essential for cell differentiation and proliferation, and SLC39A14 plays a crucial role in the differentiation of hepatocytes and chondrocytes. 11 Pathologically, SLC39A14 has been identified as a potential biomarker for lung cancer, gastric cancer, and colorectal cancer. 12, 13 However, its roles in human PCa are still unclear.
To investigate the clinical significance of SLC39A14 in patients with PCa and its functions in malignant phenotypes of PCa cells, in the current study, we examined the subcellular localization and expression pattern of SLC39A14 protein by immunohistochemistry. Then, the associations of SLC39A14 expression with various clinicopathological features and clinical outcome of patients with PCa were statistically evaluated based on Taylor dataset. In addition, SLC39A14 was upregulated by transient transfection with plasmids and downregulated by transfection with siRNA. The effects of SLC39A14 overexpression and SLC39A14 knockdown on PCa cell proliferation and motility were, respectively, examined by Cell Counting Kit-8 (CCK-8), transwell, and wound-healing assays.
Patients and methods
Patients and tissue samples
The study was approved by the Research Ethics Committee of Guangzhou First People's Hospital, People's Republic of China. Informed consent was obtained from all the patients. All specimens were handled and made anonymous according to the ethical and legal standards.
We used the same patients and tissue samples as in our previous study.
14 Detailed information of patients and tissue samples is given in the Supplementary materials.
cell culture and transfection
Human PCa cell line, LNCaP, was obtained from Guangzhou Land Biosciences Co., Ltd. (Guangzhou, People's Republic of China) and was cultured in RPMI 1640 medium (HyClone Laboratories, Inc., Waltham, MA, USA; Category no SH30809.01B) supplemented with 10% fetal bovine serum (HyClone Laboratories, Inc.; Category no SH30087.01), 2 mM l-glutamine, and antibiotics. LNCaP cells were maintained at 37°C in a humidified chamber supplemented with 5% CO 2 . LNCaP cells were transfected with designed siRNA (si-SLC39A14 or si-con) or plasmid (en-SLC39A14 or en-con) with lipofectamine 2000. All siRNAs and plasmids were synthesized by Dharmacon (Lafayette, CO, USA).
immunohistochemistry
Expression pattern and subcellular localization of SLC39A14 protein in clinical PCa tissues were detected by immunohistochemistry, and the immunoreactivity scores were calculated as described in our previous study.
14 Rabbit polyclonal ZIP14 antibody (ProSci incorporated, Poway, CA, USA) was used in this study.
Western blot analysis
Expression levels of SLC39A14 protein in LNCaP cells were detected by Western blot analysis as described in our previous studies. 15, 16 The antibodies used in this study are listed as follows: rabbit polyclonal ZIP14 antibody (Category no: 6105; ProSci incorporated) and rabbit polyclonal glyceraldehyde 3-phosphate dehydrogenase (GAPDH) antibody (Category no: sc-25778; Santa Cruz Biotechnology Inc., Dallas, TX, USA).
real-time quantitative reverse transcriptase polymerase chain reaction 
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role of slc39a14 in Pca polymerase chain reaction (qRT-PCR) analysis according to the protocol of our previous studies. 15, 16 The sequences of all the primers used in this study are shown as follows: for SLC39A14, forward, 5′-GTC TGG CCT TTG GCA TCC T-3′, reverse, 5′-AGG GAA CAT ATC AGC CAG AGA AAT-3′; for GAPDH, forward, 5′-ACC CAC TCC TCA CCT TTG A-3′, reverse, 5′-CTG TTG CTG TAC CAA ATT CGT-3′.
cell viability assay
Cell viabilities were detected by CCK-8 assay as described in our previous studies. 15, 16 cell invasion and migration assays Cell invasion and migration were, respectively, detected by the transwell and scratch wound-healing motility assays as described in our previous studies. 15, 16 statistical analysis Statistical analyses were performed by SPSS for Windows (Version 11.0; SPSS Inc., Chicago, IL, USA). Continuous variables were expressed as X s ± . Difference in immunoreactivity scores of SLC39A14 protein between PCa and adjacent benign tissues was conducted using Wilcoxon signed-rank test. The associations between SLC39A14 protein and mRNA expression and various clinicopathological characteristics were evaluated by Fisher's exact test for any 2×2 tables and Pearson χ 2 test for non-2×2 tables. KaplanMeier method was used for the survival analyses, and Cox regression analysis was used for the multivariate analysis. Differences were considered statistically significant when the P-value was ,0.05.
Results
Decreased expression of slc39a14 protein and mrna in human Pca tissues SLC39A14 protein was mainly localized in the membrane and cytoplasm of prostate cells in adjacent noncancerous prostate tissues, but weakly expressed in cancer cells in PCa tissues, as shown in Figure 1A and B. The statistical analysis revealed that SLC39A14 protein expression levels in human PCa tissues were significantly lower than those in adjacent noncancerous prostate tissues (P,0.01, Figure 1C ). Similarly, SLC39A14 mRNA expression levels in human PCa tissues were also lower than those in adjacent noncancerous prostate tissues based on the Taylor dataset (C) statistical analysis revealed that SLC39A14 protein expression levels in human PCa tissues were significantly lower than those in adjacent noncancerous prostate tissues (P,0.01). (D) slc39a14 mrna expression levels in human Pca tissues were also lower than those in adjacent noncancerous prostate tissues based on the Taylor dataset (P,0.01). (E) slc39a14 mrna expression levels in human Pca tissues were also lower than those in adjacent noncancerous prostate tissues based on our clinical samples (P,0.01). Abbreviations: Pca, prostate cancer; slc39a14, solute carrier family 39, member 14.
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Xu et al (P,0.01, Figure 1D ) and qRT-PCR analysis based on our clinical PCa samples (P,0.01, Figure 1E ).
Decreased expression of slc39a14 protein and mrna associates with the aggressive progression of patients with Pca 
Decreased expression of slc39a14 mrna associates with poor prognosis of patients with Pca
To assess the prognostic value of SLC39A14 mRNA expression in patients with PCa, Kaplan-Meier analysis was performed that showed a significant difference in BCR-free survival (P=0.017, Figure 2A ), but not in overall survival (P=0.148, Figure 2B ), between patients with high and low SLC39A14 mRNA expression.
Univariate analysis revealed that SLC39A14 mRNA expression (P=0.020, Table 2 ), Gleason score (P,0.001, Table 2 ), and pathological tumor stage (P,0.001, Table 2 ) were significant prognostic factors for BCR-free survival in patients with PCa. We then used the Cox proportional hazards multivariate model to examine the association of clinicopathological factors and SLC39A14 mRNA expression with BCR-free survival. The results indicated that SLC39A14 mRNA expression (P=0.042, Table 2 ), Gleason score (P,0.001, Table 2 ), and pathological tumor stage (P=0.012, Table 2 ) were independent predictors of BCR-free survival in patients with PCa.
Downregulation of slc39a14 promotes proliferation, invasion, and migration of Pca cell lines in vitro
To detect the cell proliferation, invasion, and migration abilities of LNCaP cells with knockdown of SLC39A14 or reexpression of SLC39A14 ( Figure 3A) , CCK-8, transwell, and wound-healing assays were performed. CCK-8 assay indicated that the cell viability of LNCaP cells with overexpression of SLC39A14 
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role of slc39a14 in Pca was significantly lower than those of control vector-transfected cells ( Figure 3B ), while knockdown of SLC39A14 dramatically promoted the cell viability ( Figure 3C ). In addition, transwell assay clearly revealed that the enforced expression of SLC39A14 could effectively inhibit the invasion activity of LNCaP cells compared to that of control cells at 24 hours after the transfection, while knockdown of SLC39A14 could dramatically enhance the cell invasion ( Figure 4) . Moreover, wound-healing assay demonstrated that SLC39A14 upregulation could significantly suppress the migration ability of LNCaP cells, while knockdown of SLC39A14 could dramatically enhance the cell migration ( Figure 5 ).
Discussion
Improved diagnostic and prognostic biomarkers for human PCa are of great clinical significance to ensure early detection of aggressive tumors and to initiate appropriate treatment.
In the current study, our immunohistochemistry analysis revealed the decreased expression of SLC39A14 protein in human PCa tissues compared to that in normal prostate tissues, which was consistent with the findings of SLC39A14 mRNA based on the Taylor dataset. In addition, SLC39A14 downregulation occurred more frequently in patients with PCa with a higher Gleason score (P,0.001), advanced clinical stage (P=0.008), presence of metastasis (P=0.009), and PSA failure (P=0.006). More interestingly, the survival analysis identified SLC39A14 as an independent factor for predicting the BCR-free survival of patients with PCa (P=0.017). Functionally, the enforced expression of SLC39A14 could suppress cell proliferation, invasion, and migration of PCa cell lines in vitro, which could be reversed by the knockdown of SLC39A14. To the best of our knowledge, this is the first study to examine the expression of SLC39A14 in a large cohort of patients with PCa and to correlate the results with biochemical and pathological values in this malignancy. As a glycosylated protein located at the plasma membrane and in transferrin-containing endosomal compartments, SLC39A14-encoding protein ZIP14 functions as a metal ion transporter with the capacity to transport divalent cations, such as zinc, iron, and cadmium. 17 It exists in at least two isoforms that differ from each other in the cation-binding domain. 18 Growing evidence shows the implications of SLC39A14 in various human malignancies. According to the ONCOMINE database, 19 SLC39A14 is indicated to be among the top 1% of genes underexpressed in hepatocellular carcinoma compared to normal liver, which was consistent with the findings of Franklin et al. 20 The SLC39A14-exon4B 
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Xu et al transcript variants were identified as biomarkers of colorectal, gastric, and lung cancers which are known to have an aberrantly activated WNT-signaling pathway. 12, 13 However, the link between SLC39A14 expression and patients with PCa has not yet been well defined. The current study showed that SLC39A14 mRNA and protein levels, assayed, respectively, by qPCR and immunohistochemistry in prostate tissues, were both lower in PCa tissues than those in adjacent noncancerous prostate tissues. Then, we found that the downregulation of SLC39A14 was significantly correlated with Gleason score, clinical stage, metastasis, and PSA failure, but not with age, serum PSA, and pathological stage. Our further analysis indicated that there was a strong correlation between SLC39A14 expression and patient BCR-free survival. In Kaplan-Meier analysis, we found that patients with PCa with low SLC39A14 expression had a high probability of BCR after RP compared to high SLC39A14 expression groups. Cox regression analysis implied that SLC39A14 was one of the potential independent factors in PCa after RP, which could act as a prognostic factor for predicting the risk of BCR.
Motility of tumor cells is regarded as a sign of invasiveness and a crucial step in metastasis. 21 In this study, we investigated the function of SLC39A14 in LNCaP cells using gene overexpression and knockdown techniques. Further experiments presented here showed that the proliferation, migration, and invasion of PCa cells, following transfection with siRNA-SLC39A14, were obviously promoted compared to the negative control cells, which is contrary to the results following transfection with SLC39A14 plasmid. These results suggest that SLC39A14 may be an important factor for inhibiting cell viability, migratory ability, and invasiveness in PCa progression, and it may function as a tumor suppressor.
Conclusion
Our data suggest, for the first time, that the decreased expression of SLC39A14 may lead to malignant phenotypes of PCa 
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For real-time quantitative reverse transcriptase polymerase chain reaction analysis, ten pairs of primary PCa and self-matched adjacent noncancerous frozen samples were obtained from the tissue bank at Guangzhou First People's Hospital (Table S1 ). None of the patients recruited in this study received chemotherapy or radiotherapy before the surgery. The pathological diagnosis was performed preoperatively and confirmed postoperatively. All the patients were reviewed, and all the specimens were reexamined in November 2012. For survival analysis, the results of Taylor dataset, which is a large PCa dataset with microarray expression data for microRNAs and protein-coding genes (mRNAs), and information on the survival of patients including 150 primary PCa tissues and 29 adjacent noncancerous prostate tissues, were also collected. The detailed information on the clinical features of all patients in this study is shown in Table S1 .
All 150 patients in the Taylor dataset were given a follow-up exam ranging from 1 month to 175 months (median, 51 months). For the analysis of the survival and follow-up, the date of prostatectomy was used to represent the beginning of the follow-up period. The primary end point of the analysis was biochemical recurrence-free survival. The end point of the other analysis was overall survival. All the patients who died from diseases other than PCa or unexpected events were excluded from the case collection.
